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‘1’hc Pa(hlln(icr  Micm-rover I;light  cxpcrimcnt  will perform cnginccring  and scicncc cxpcrimcnts  cm
lhc Mar[ian surface [o pave Ihc way for fu(urc Mars missions. “1’hc mvcr is cm~h-ollcd by a 1970’s
cra microproccsscx.  ]Ls on-board soflwarc,  whi]c. ill some ways a lypica] crllt~c(]clc(]-syslclll  design,
has 10 deal with some unusual constrains.

‘]”hc rover wi]] bc opcra[ing  in a harsh and Jnos[]y unknown Cllvironmcn[, with ]inlitcd  C]m[ricd
and processing power, acccssihk: only vi:i a lit]~i(~>(!  -l):i]](lwi{l(ll  col]]t]~l]llic:~tiol~”  link with long [imc
cic]ays.  ‘1’hc soflwarc  (tcsign  is driven by lhcsc factors 10 provictc reliability in lhc Pdcc of hardware,
software, and opcra(ional failures, flcxibili(y (() allow dapla[i(m and rcco]]ligt]].:itio]~,  simplicity,
prc(lic(ability, and visibility into its internal state. and lhc cxlcrnal  cnvironmcml.

‘1’llis  paper ctcscribcs dw. overall soflwarc  structure, and dclails some of Ihc mom inlcrcsling
fcatul m of Ihc design, including cmr handling, power control logic, :ind navigation with hazard
avoidance. ‘1’hc dcvclopmcnt  cnvironmcnl  is also dr.scribed, inclu(ii ng the usc of worlcl- wi dc-wcb-
s(ylc bypcr(cxt  10 provide quick access (o (I1c collcztion  of documents that accumula(c in a sof(warc
]m~jccl.



lAA-I.-0504P”

h41SSloN 3’0 MARS

‘I”hc M a r s  l’a(hfincicr  Micmrovcr,  a  1() -
k i logram robot ic  vchiclc, will pcrforln
cnginccri ng an(i .scicmc cxpci-imcn(s  on t h e
h4W”[i:lIl  Sll~fKC, ~ll(i p:tVC thC Way f o r  flltlllt:
h4:\rscxj~loratic)l~.  l)~lcto tl~ccoll~l~~~~l~icatio~~
[illlc(lcl:iysl~ctwccl]  l;allh  and Mars, and the
m]prcdictabilily  of lhc surface cnvironmcnl,
the rover must Opel-ate sctlli-aL1tollol~l(JL]sly
basc(i  on traverse waypoin(s  an(i ltigh-lcvc]
c[~l]li:}:ill(isf].olll  a human operator.

Research robots litw the ]’athfin(icr rover’s
prc(icccssors o f t e n  spor( sla(c-of-lhc-ar[
procc.ssors, but a ilight project r e q u i r e s
proven, r~t(ii:itioll-ll;  ll(icllc(i con]poncnls  an(i
inlposcs  a scvcmpowcr  and wcighl bu(tgct.
With the limikxi financial i~u(igcl  of a low-
cos(fiighlpmjcc[  on top oflhal,  the rcsu]l is
a spamcrafl  with a (ii fficult mission, a short
(icvclopmcn( sdlcduk, an(i a

“colllllLll:itioll:tll  y-ciuillcngc(i” c.cntraI
ploccssingun it.

‘1’ilL: rover’s sof(warc archilcclurc  is motivakxi
t~ysL:\~~`.I;ili  (ic;ilsi  lltcl~(iL`(i((  )11l(x:([llc  mission
goals ~v{~ilc a(i(ircssing ali of these
linli(a(ions+

●

●

●

Rcliahility: han(iiing f a i l u r e s  o f  non-
c.sscmtial  harciwarc c o m p o n e n t s  an(i
Ullcxpcclc(i cllvil”~)lllll~:ll[:ll con(iitims.
‘1’inm-critical  anonlalics  (such as power
(irains an(i ohstac]c c o n t a c t )  musl bc
han(ilcd  without operator intcrvcnlion.
Software failures musl IX pl’otcctc.d
agains( occurrinpl, an(i rccovcrcxi from if
tllcycio[)ccul.

l;icxihi]ily:  aciaptinx 10 cllangcs  i n  t h e
rover’s ‘har(i  w~lrc
h40(iiiica(ions to
autonomous or
Wiwrc  possib]c,
calibrating.

an(i cl;vironmcrnt.
behavior  shou](i bc
easily c[)lllll]:lll(l:~blc.
[hc rover is sclf-

Simplicily: i n  g e n e r a l ,  Ii]c simplcsl
acc+tal)lc,  appro:t~:h  to each rcquircinmlt
01 cicsign  proillcm is  chosen.  IIcsi(ics
being more rcliab]c and Ilcxib]c,  simpler
solutions arccasicr  10 tcsl an(i have more

2

prc(iic(ab]c  b e h a v i o r .  Not to nlcn(io[l
taking less time 10 (icvclop.

● Visibili ty:  concisely but COmp]C@
rcporling lhc c u r r e n t  h:ir~iwarc and
software state, in particular uncxpcctcd
comii  lions.

G13N13RA1  . SOF”l’WAR1; ARCH 11’J’IZI’URE

‘1’imrovcris  so com[rainc(i by clcztrical and
processing power that it literally cannot “walk
an(i talk” (rLln (irivc,  motors an(i communicate
over its ra(iio mo(icnl) at (IIC same time. A
multitasking cxccutivc would ml Ucc
performance wi[hout a(i(iing much capability.
!% instead, (I]c software is orgatlizcd  as a
single control loop, wi(i~ intcrmpt  handling
fc)r:lfc.w:isyllcllr(~ llolls’’r~:llcx’”  events (such
:lsbllllll~crcollt:lct)  to which the rover must
react c]uick]y. “1’his  loop dispatches periodic
f u n c t i o n s  ( e . g .  lhcrmal nla:lagcmcnt,
automatic vchiclc hcal[h c h e c k s , and
con)l~ian(i  uploa(i  requests) as in(iicatcd  by
soflwarc  timers, all(i invokes command
han(ilcrs a s  (iircctc(i  b y  t h e .  uploa(icd
Collllll:lll(i  SLX]LIC1lCC.

command II;ll)dlcl”s follow a CO11I111O11 format:

●

b

●

●

●

●

Cxlract an(i vali(iatc an)’ command
paramctm
verify that the command is allowed based
on the current rover slate (Lxg. mission
pha.sc ami power availability)
set a tilnc.oul  limit for conlplction  of the
comman(i
pcl”fm”m  the Comnlall(i

format an(i scn(i rcsu]w Ic.lcmctry
return a completion status

NAVIGArl’lONAhTi)  IIAZARD
AVO1ilANCY~

Perhaps the most unique component of the
on-boarLi  software, for a spacccraf[,  is the
waypoint  navigation and autonolnous  hazmi
avoi(i:incc.  logic.  Since the rover is normally
(iircctcd  along an c)ilcl.atol-si]ccificci  path
lmsc(i  01) 31) S(crco images from the
]%thlin(icr lan(icr, i t  (iocsn’t nccci  to bc a
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1“01)11s( IMZC-SOIV(X  -  bllt  it &)cS lKX’d to

wa[cl] for and (Ical  with uncxpcxmd problems
while moving

‘1 ‘hc bas ic  proccd [I rc (or t ravcrsi ng 10 a
waypoint  is 10 d r i v e  f o r w a r d  in short
segments, stopping  for proximily  scanning
bclwccll Cacb Scgmclll. Jn t h e  ahsc.ncc of
hazards,  the rover am (at onc of :i mall
IIlllllllcr of fixcd-raclitls[  tlrlls)towal(l”  thcgoal
]Josilioll.ll  lcrli:llscrlsors”  and whml cnmdcrs
arc mm] 10 dead  reckon the  vchic]c’s
location.

Whi le  moving,  olhcr sensors (such as
inclination and motor cLJrwnts) art. san]p]cxi
for hamrd dctcclion and tclcmc[ry.  Several
ccmdilions  arc monilorcd:

● rcaclling au c)]lt:r:itt)r-s]~ccific~i  timeout
limit

* sensor rca(iing outsicicsafc  limits, from a
tablcbasc(i  onarisk-lcvc]  paramc[cr

● bcingtoo  close to, an(i heading lowarci,
the km(lcr

e j)l]ysic:il  co]]l:lcl  s(:])sit)g

Wllilcstop;mi  in bc(wccn  scgmc.n[s, varioL]s
lo\~~-]iltco}  }cI”:]tioI)s:i]~:  pcrforlnc(i Wllcl] (illL:,

ii)clwiing a lal](icr Coltlllltlllicittioll”  cimck
“ilciillhcat” and transmission of buffered
ICic’.lllc.llyci:lt:l.l’ llcrovcrlilcll  uses i[.~ optics]
i~r(~ximity scanl~ing  systcm to look for
ohsmlcs (such as tall rocks or dropoffs).
‘1’IIc  scallncr consists of infrared lasers and
(X3) imagcrs, which arc Used io lmil(i  a
sl~;llsc:  ]]l(ia[>l]rc)xil  ]l:ltc mail of tcmin  iwight
i]) front of the rover.

‘I’llClllil]l iSSC:ll’CllC(i forll)C f o l l o w i n g  ha7,:ir(i

cotidi(i(ms:

b [nissing . (iata (insi(]c the minimum
rcquirc(i  (ictcclion  r a n g e ;  in(iicaling a
imssiblc drop-off)

●  iwight (iiffcrcncc bctwmm  a n y  two
a(ijaccn[ (ic,tcctions aimvc  a  (risk -lc,vcl-
(iciwn(icnl)  [hrcshol(i  (in{iicatinga  rock or
ilolc)

●  bcigbt diffcrcncc bctwccn lowcs[ ald
higllcst dc(cctions  above. a higher
thrcsbold (in(iicaling a sleep slope)

If any pmximily  hanr(is arc founci  in t h e
map, the rover turns in place about its ccntcr
a s  nccdc(i  10 avoid lhcm. It f i rs t  (urns i n
whichcvcr  direction has lhc smaller rcqLlircci
avoidance turn, or toward the goal if there’s
no prcfcmncc. on any subscqucmt turns
(after rc-scanning)  at ti]c same location, it
continues to turn in the same direction, to
avoid bouncing back and forth bctwccn two
haxarcis.  Non-proximity hazards, such as
contact an(i sensor rca(iings outside safety
limits, rcsull in aborting thctravcrsc  - unless
(hc opcralor  has given the rover permission m
(ical  with lIMC itself. ]n that Gist, it backs
up, turns, ami tries again. Any time it has
turnc(] away from a hazar(i,  [hc rover (irivcs
straight for a fcw segments hcforc arcing
back towar(i the goal.

Normally, the mvcr tries to keep fm enough
away from any ha~,ards to allow it (0 turn
around if it shoul(i g e t  into Iroub]c.  “J’hc
so f twa re  im an option, however,  to
“sqLlcc7Jc” thmugil  nawowc.r p a t h s  for a
]imi[cci  (iis[amc. If il rLIIIS into obstacles 01
fails to reach a clear region bcyonci this
(iis[ancc, it i):icks  straigh[ out an(i turns away
from tile narrow pii[i] looking  for amthcr
altcrmtivc.

“Rock finding” is a mmiificd driving mode,
in which map data indicating a prominent
rock triggers a behavior to ccntcr ti)c mvcr
heading bctwccn  the c(lgcs of the rock using
~mxilnity  sensing. If the dcstiilation
wa yi~oinl is rcachc(i  fi rs[, t i~c rover performs
a si)iral  sc.arch  for a rock. ‘1’hc opcmtor” can
tiIcIl command the, rover to turn 1 W dcgrccs
ami b a c k  i[s spcc(mmctcr  onto” the, r o c k
sllrPdcc.

S’1’KJ’li INIX)RMA’1’JON

Ncar]y ali of (I]c global ~iata  is alloca[cd  in
onc of two structures - the volatile state awa
ami tl”m pr.rsistcnt slalc arc. a. “1 ‘hc vol~tilc
sta[c cia(a is ini[ialinxi at each wakeup, an(i
ilwlu(ics  latest scmor rca~iings an(i naviga[im
control Slates.
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‘1’hc pcrsislcnt stak (iata is tile rover’s “iong-
tlv”nl  Incmory.  “ It is ioacic(i  fmm llii1Woh4
(ciccliic:~lly-crasc:lt~lc  ll!(~gral~ll~~at~lc  rcaci-
only memory) at waimup, an(i tim I{M’ROM
i m a g e  i s  up{iabxl  rcgu]arly as tile sta[c
cimngcs. ‘1’i~is data inclu(ics mission phase,
vchiclc localion,  o[imnctry,  and long-term
tinlc iimits.

l’crsistcnt  state (iata is lhc only parl of the
l!lli]ROM that ncc(is (o bc rcwrit[cn enough
linm 10 bc i n  dallgcr o f  cxccc(iing t h e
guaran(ccd lifetime of the memory (iuring
(icvclopmcnt  and t i~c mission. 1 bough space
is li~crcforc  rcscrvcd for scvcra] copies of tbc
s(alc {ia (a, and lhc active copy is acccs.scd
in(iirccliy  through a pointer slorc(i separately
ill li11iWOh4  (ti~is poin[cr is i tself upda[cti
infrqucnlly, so i{ can stay in a fixc(i
location).  A count ofti]cnumbcr  of rewrites
is ui>(i~i(c(i  an(i store.ci witil tlmpcrsistcl~l sta(c;
if [l~is count rcac.ilcs  95% of the guaranteed
l~i~l)i<olvl  l i f e t i m e  ( w h i c h  i s  1/10[11  t h e
no]ni]~al  lifetime), the SKI(C (ia(a is
alllc)matically  rclocatcxi  10 ti)c ncxl ailoca(c(i
Space. ‘1’hc pointer is up(iatc(i accordingly,
an(i lhc write, counl  rcsc[ [0 mm

IY)W1;R CX)N’1’ROI . AN1> I>IWJ(Y;
h40N1’J’ORING”

ihclI coll[rollablc (icvicc, an(i each ini)ul
Scllsor, is associa[cci  wi~h :i {ic.vice s(ai LIs
vaiuc  imiica~ing  [iw hcal(hof  ti]al ticvicc. “llc
va]uc is automatically a(ijustcd  if al)o]nalous
iwhavior  (sLwh as an m;t-of-mngc  input) is
S1l’.l] from tilat (icvicc, typic:illy  (iuring
i~clit)(iici~c:iltt~  ci]ccks, anti a(ijus[cd  back if
normal operation is Obscrvc(i.  With scvcrai
Sk>.i)S bCtWCL:ll “norlnalt”  anti “failc(i” states,
till-. rover can aummously disrcgar(i
suspicious sensor (iala bLlt rccovcr from
transicn[ failures. At col(istarl, tile  sta[us for
I’aikxi (icviccs is a(ljus(c(i (0 (IM lhcy h a v e
011(:  L’llancc  10 s h o w that  li]cy al”c n o w
workitlg i~ropcr]y.

lfa sensor rcachc:.s  a “faiic(i” stale, ti]c, rover
avoids using Iila( sensor  10 inllucncc  i ts
hchavior. I f  imssiblc,  it uses a n  almmtc
source o f  inforllla~ion  a s  a  f:iilback. l~or
cxallli~lc,  it mm tcmlimraturc  sensor faiis, it
]nayusca  llc:il”l~yt  cll~i>(:r;it(lrc.  sensor inslca(i.

If a potcntiomctcr  indicating motor position
fi~ils,  tile rover can fall back 10 tinlc-(iclay-
bascd actuator  con[ro]. IIowcvcr, ac[L1a]
sensor rcaciings  arc always rc(urnc(i  i n
tclcmctIy  - regardless of wilcthcr the rover
[rusts that (iata.

IfanactLlator  (icviccsrcacbcsa  “failed” state,
the mvcr rejects operator commands that
d e p e n d  on LIM1 dcvicc  functioning. ~lc
(icvicc  slatus values arc reported with health
check [clcmctry,  and can bc mmiificd  (iircctly
by operator comtnand.  Special values allow
the operator to force a (icvicc into a “good”  or
“failed” stale wi~ich  the soflwarc  won’t
autonomously alter.

Whcncvcr  a dcvicc is turned on, the mvcr
m onilors  [hc electrical current (ira wn by tha[
(icvicc  (af(cr a short (ic]ay to a l l o w  f o r
lransicnls).  If (his current cxccc(is a (icvicc-
spccific limit, ti)c r o v e r  sc(s lbc dcvicc’s
sl:i(us to m a(i(iitional  simci:il  “faiic(i” s t a t e
Lh:it  prcwcnts  tiui(  (icvicc from being tlirncd
back on. 1[ can even mark a (icvicc  with this
“keep ofl” state if imwcring ti]c Cicvicc  causes
a  systcm rcsc( o r  Iriiw ti~c brown  out-

prolcction  power moni[or circuit. “J’ilis logic
rc(iuccs  t i l e  Cb~JICCS of ruilning ciown
bat[crics or (i:imagii~g  clcctmnics  should a
cicvicc shor(-circuit.  “J’hc’’kcc,p  off” state can
bc clc:imi ((w set) by o]wr:itor c(m)Jn and.

l~cvicc  st:iIiIs  was a convenient capability
(illlil]gt cslillg,t  ~cc:ll]sc~]t  anyonctimc,  some
parl of the vci]icic  was oflcn missing. By
sct(ing tl]ccorrcs]~ol](iit]g”  (icviccs as “P~ilcd”,
[bc sof[waic  co~ii(i  opcra(c  whiic i g n o r i n g
invalici (i:ila  from missing scissors.

CX)N’J’ROI  . I’ARAMI{J’I?RS

Nliincric  “c(mst:in[s” in ti~c, rover software arc
i mplcmcntc(i iil ti]rcc forms. ‘J’hose that arc
sure to run:iiil fixc(i arc cmic(i as um]pilc-
(iim constants (“#kicfinc” prcJm)ccssor
syinbo]s  or “ciluin”  comi)i]cr coilstants).

“Coilst:ints”  Ihat  will i)robab]y runain fixcxi,
but coulci  conccivab] y ncc(i  10 bc ai[crc(i to
(ical with uncxilcctcd  con(ii(ions,  arc cmic(i as
“consl”  vallics, rcsul(ing in niil[imc conslants
stwui  in non-vola[iic  incinoi.y  with lilt co(ic.
Since the vallics  exist at a single location tila(
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is idcntilicd in tlm ]inkcr map, tllc.sc can bc
rL\:l(\ilyll:ltcllc(l  before or during llm mission.
Ammmon  tlscofi):~tcl~{lt)  lcc(]l~s(~il]ts  arc the.
lime delays nccdcd bctwccn  various control
Slcps.

]iinally,  for a limited set of patamctcrs that
the. opcra[or might  need to al[cr during the
cmrsc of t h e  m i s s i o n  to alter vcbiclc
behavior, run-time variables or “control
paramc[crs”  arc pmvidcd, A  dcdicatcd
operator command allows these pararnctcrs,
which arc parl of the persistent stale data
m a i n t a i n e d  i n  IHWOM, (o bc e a s i l y
L’hanged. “1’his  “scl paramcwr”  c o m m a n d
contains  a lab]c of valid limits for e a c h
cmllrol parameter 10 prcvcn[ acccptmcc  of
impropm Values. S(MNC LXanlplcs alc
navigation algorithm options, Itmpc,raturc.
(hrcsho]ds  for heating logic, and periodic
processing rates. in addition 10 “bcbavior
lllc~(tif;c.:iti(  ~ll’’-ty]>c,  paranw.tcrs,  some control
paramc(crs  arcuscd  (O stolcc:llil>r~ltiol~  d:i[a,
SUCII as z,cro  offscls for position sensors, that
can bc. updated la[c in the integration test
l)llasc I)ascd on c.xpcrimcnlal  c a l i b r a t i o n
IllL::lsLII.L:Illcll(s Llsingtlwfillal  l-lighl  hardware.

IH<I<OR lIANIII,ING

“1’wo nltxlmnisms  hand]c error situations: an
crmr rcpor(in,g  capability, :ind error state,
flags. ‘1’hc rcpor[ing  func(ion  is invoked
whcncvcr  ii IIC\V :lllOltl:lly is dCICCt C d . An
{:llorll)  tltli(]Llctot  llcscJtlrccc(JClc”  location (8
bits indicating the Illodllk al)d 8 b i t s
indicating an error call wilhin that module),
along with a sc.verity lcvd and a fcw words
ofop(iona]  associa(cd  illfollll:itioll,:ll  L:lJ:lssc(l”
(() t h e  CI-l”OI°  rc.pol”kr. If lhc severity level
passes lhc. c.urrcnl rcpor(ing thrc.sho]d, this
data is time-lagged and s[orcd in a (clcmc.try
packc[  tha( is sent at the completion of the
current command (or pcrimiically,  if no

mnmands arc executing). ‘1’hc mm packet
has a  limilcd six; i f  i t  bccomcs f u l l ,
additional cmr rcporls  arc counted bul the
associa[cd (iata discmicd. “1’hc  Scvcri(y
IIll”cshold  a n d  ovLH”flow (1’ca(mcll(  pl”cvcnt
flooding”  of Ihc Iclcmctry challncl  with usc]css
data in [I]ccvcil( of ascvcw problcm.

A utili[y program can quickly loca(c the
])rogram  SOWX.W  corlcs]~(~l~(lillg  (0 a specific

error code, cxplaininti  the reason for and
context 0[ Lbc error, and indicating the
inttxprclation of lhc associatc(t data.
Pinpointing the error call dim(ly in the
source code climina(cs  the danger of an oLlt-
of-date or incomplete error code definition
document, not to mcn(ion the work of
maintaining one.

In addition to the error event reporting, eight
crrorsta(c  flags track specific classes of error
conditions, sLlch as dcvicc fai]urc,  invalid
command, and command execution tinlcoLlt.
“1’hcy arc set when corresponding problcrns
arc dc(cclcd,  and allow a limi(cd  form of
concIitional  command cxccLllion,  since most
commands arc skipped if error sta(cs am
aclivc.. All flags, or a sclcctcd  set, can bc
clcamd by operator command. A group of
in(crdcpcndcnl  commands within an upload
scqLlcncc arc typically sent starling wi(h this
“clear error” command so tb:it  they can
procccd  rcgardlc.ss o f  a n  inelcwint  carlic.r
:inom:ily; ally failures seem duriilg cxccLUion
oftllcg rotlpca  Llscstl~cics[of” th:it  groilp - up
(0 lhc. ncxl “c]car  mm” comn~and  -  10 bc
skipped. l’hcopcr:i(or a]so h:is (I1c option of
m a s k i n g  ml specific cmr s[a(c ll:igs, to
prcvcn( ii p:irlicul;ir  t y p e  of c.rror f r o m
:iffcc[ii~g command cxccutim.

Rovlil{ I .1’1’1;

The rovcrcol~l~~~]tcrl~:ls  J60K by[cs of non-
volatile lWPROM mcmm-y, used to store the
sof tware ,  pcrsislcn[  sl:i[c  dat:i, contiilgcncy
comnland scqLwilccs (in t h e .  e v e n t  o f
colllllllllliclitio  llloss),:ill(l  tc.lcmchy lh:ilcan’1
bc immcdi:itcly sent to I;[ir(h via (IN)
]’:ithfindcr l:indcr  (e.g. :i( nigb[,  when the
l:indcr  may not bc opcr:i(ing its modcm).
“J’his l~lTROhfi i s  piir(icxdady  convcnic,i]{
during dcvclopmcnt,  since software tipdatcs
:irc easily (iownlo:idcd,  but rcmaii]  rcsidcnl
across power downs. 11 will also allow
pa(chcs to lhc rover sof[warc [0 bc scn( :iflci
l:iunch.

llowcvcr,  lhcrc is some cone.crn abou( the
r:idi:ition  [olcrancc and rc]iability of lhcsc
dc.vices. ‘1’hc first 16K bytes of thcincmory
space is thcrcforc popLIlatcd  by (cxpcnsivc)
l“:i(li;itiol~-l]:il”(l non-cr:is:ib]c 1) Roh4s. ‘1’his
~irc:i  cont:iins lhc boot  code  111s( cxcmilcd
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wbcn  t h e  r o v e r  w a k e s  up. (Iking prinmrily
solar powmxi,  the rover norm a] 1 y ShLI [s ilscl  f

off every  n ight . ) . “l”llc  I)(X)( cx)dc  Complltcs
and  va]idatcs chccksLIms  on (hc EI~f)I<OM
contents. If the lHH’ROM looks okay,
control is passed to the normal l~lWROM-
nxidcnt  soflwarc. Otherwise, a slrippCd-
down rovci” control program con[aincd
cntirc]y in the. high-rc]iability  PROM takes
Ovct.

‘1’his scaled-back program, known as “Rover
1 .ik”, can accomplish a subscl of (1w mission
objcc(ivcs wilhoul  depending on non-volali]c
s(oragc. 11 includes the full c[)Illl]lllllic:itiO1l
prolocol, some diagnostic a n d  mcmol”y
pillClliIlg capability, a n d  low-1 cvc.1  dcvicc.
C(mlrol. About ha]f Of ( ] 1 C  I1OI”I11:I1  I“OVCI°
c o m m a n d s  a r c  supporlcd  in some  f o r m ,
along with a special “drive” comtnand  - in
place of lligh-lcvc]  navigatiol~  - allowing a
Sc(]llcncc of vehicle motions” to bc
pl’ogrammcd, something like a mnolc-
C(mtl”o]lc(l  toy.
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. dcvclopmcntdcscrintions  of uti]i[ics a n d
Kmls,-coding  standards, and delivery AC:ISC  ‘

notes. 11011] informal notes and official
docLmlcn(s arc accessible as wcb pages.
Many am left as plain (cxt files, but some
havcbccn  fOrnlatlCd  wilh }1”1’MI. commands
10 allow instant access to sections of a large
document or access to rc]atcd  documents
through bypcrlcx(  links. “Ihc 11’I’MI. format
also allows inclusion of images such as
diagrams ancl drawings.

1 laving these documents awiilablc on-line in a
s[andardf  ormat makes [hem readily available
(ol]lc(icvclo]~ cl”sltlct]lsc]l’c.  szls WC]] asothcrs
on the p~ojcc[, whether [hey arc using tJnix
workstations, Mats, or Windows IT’s.  31~c
filcscaI~bc  kcpttlp-to-(l:itc  l~lLlcll  morccasily
t13:lllpa~r(locLllllc11[s,  andthmis  no danger
of someone, working with an obsolctcvcrsion
of, say, an intcrfacc  specification. l’hcy can
bc called up when nccdcd during lcsting at
any location that has ln[crnct access, saving
timcanci  guesswork. It is at lcasthopcd  that
(his will save paper as well.

Sol~l WAR1;  ‘1’001 ,S
DA’I’A GI;N13RA’1’OI<S

‘1’hc only software purchased explicitly for
the rover project was  a  I ’c-hosted {;
coll~l~ilcrLisscl~~lllcr/lillkcr/(icl~Llggcr  package
for the 8085 (argct  architcclurc,  and a l’~
cmula(or  allowing that software 10 bc rLln
lr{~nl lJNIX workstations. ‘1’hc remaining
dcvcloplilcnt environment is based  o n
common  facilities - such as MAKI;,  I<~S,
AWK, anti  text editors- tll:l[:ilcci(l}crflccly
aviiilablc  o r  pa[”( of LIIC s(andard  U N I X
~’llvil.(~lllllcllt, Where appropriate,
Colnponcnts of the largcl soflwarc  i[sc]f were
acquired from l’rccj lntcmcl  sources. ‘1’hcsc
included (hc 8[)85 debug monitor, and {~R~-
16 and Rck:d/Solonlon  l~rror I)c(cclion a n d
O)rrcction algorithms.

ONI ,IN1; I)(KIJM1iN”l’A’l’10N

A ncw tcchniquc  that has prove.n to bc vc.ry
uscl’ul i s  t h e  collcc(ion o f  t h e  assor(cd
clL:\’L:lo]llllL~llt  documents tha( every proiccl
acc.l]mulilkx in~() wt’b pages using a
llyj]cl[c.x(M:~ikLll~  l.:itlgll:lgc(l  l’l’N41,) index.
‘1’hcsc documents include such things as
lncmory  l a y o u t s , “hoW-tO’”  I1OICS  foI”St:ll”(LIJ),
sl)~l[(lolv[),  c;llil)r:itioll,”  and other proccxiurcs,

‘1’hc mvcr software employs several rcla[cd
data tables and identifier lists to work with
dcviccs,  sensors, and operator commands.
in order to rtxhlcc the effort of changing these
tahlcs, and to eliminate the risk of tables
being out of syIlcllr(~11i7j;itioll,  scripts using
the UNJX “AWK” Jmgram were built to
gcncra[c tl)c tab]cs and idcmt ificrs from
dc.scription  files. I;or example, one file
dcscribcs  all of (hc a n a l o g Sensors -
mulliplcxor  addresses, input gain settings,
minimum and maximum cxpcc[cd values, etc.

and is proccsscd  into a lis[ of sensor
idcntificrcodcs,  cncmlcd  tab]cs USUJ  by the
sensor input func[ions (0 setup and s:implc
(Ilc. sc.nsor data, limit tahlcs used by health
chrck functions to validate sensor opcra(ion,
a n d s o o n . S e v e r a l  t i m e s dill ill~
dcvclopmcnt, there have bccJI hardware
changes that were quickly incorporated into
tllc SOftW:lJ”C  by sirnplc updates 10 lhc tab]cs
or lhc generator functions, without worrying
about  missing some corrcspon(iin~”  change in
a forgoltcn source fi Ic.

6
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IXwclopmcnt risk was rcduccd by
inlplcnm~(iJ]g  temporary soflwarc 10 stand in
for Cxlcnlal intcrfaccs, eliminating
~lL:l~cll(]cl~ccollotllcr  subsystems. Especially
uscfu] is Ihc “s imula tor”  for  Lhc lamicr
spacccmfl, which c(mmunica(cs  with the
rover by radio modcm. Besides supporting
lcsls of Ihc modcm  collllllLlllicatiO1l”  protocol
iuwlf, this program acce.pls operator
co[lll~~:ill(lsi  t]tcxtforlll” (typed inorrca(i  from
a command lllc) or in (I)c official scqucncc
file formal (as gcncratcd  by  the  Rover
control Workstation) and sends thcm to the
rover. 11 also rcccivcs  t clcmctry data from the
rover, storing it on disk and optimally
relaying i( through a socket connection to
other test software. ‘1’his lanc]cr simulator can
bc rLIn either in a window on a ~JNIX
workstation, or on a IT (SUC!l as a laplop
used t’or remote tcsling).

AnoLhcr utility program can cxtmct data from
(clmnctly  packets, and 11]11s stands in for the
ground  (lata  Systcnl, providing real-time
(when conncclcd 10 lhc lander simulator
tclcmctry  socket) and after-d)c-fact (when fcd
s(orc.d data files) viewing o f  mlclnctry.
I{clatcd  p r o g r a m s  a l l o w  cmvcrsion  of
cxlrackxl image data, both normal and
colnprcsscd,  into a s[andard formal f o r
viewing and analysis.

‘1’hr.sc facilities have allowc(l  Cnd-lo-cnd

kx[ing o f  t h e  r o v e r  bdorc lhc actual  conlrol
works(a[ion,  ” l a n d e r ,  or g r o u n d  d a t a  systcm

were ready for inlcgra(ion. When such
i nLcgration  did tatw place, the rover team
could was confident that its side of the
interfaces had alrcad y hcm vcri ficd.

A simple (l[)\vlllo:l(i211 )lc menu-(irivcn
(Iia[:nostic  program also J)rovcd 10 bc worth
far more than its dcvclopmcn[  cost. “J’llis
u[ili(y  provides a thorough but easy-to-rLIn
regression lest atlcr hardware changes and
rilvil”t)l]lllL:llt:il  tcs(ing, a  convcnicnl  facili(y
for direct control of rover dcviccs,  and a
“second opinion” on sensor or control
anomalies observed by the operational rover
sol’twarc.

“]’JIc  Pathfinder spacecraft is schcdu]cd to
launch in I)cccmbcr 1996, arriving at Mars in
July 1997. During intcgra(ion (csting so far,
the microrovcr  software has performed WC]],
oflcn dcmmstrating  i t s  ftcxibility  a n d
rcliabitity when fiiccd with changes in plans
and hardware Pailurcs. Perhaps the, biggest
complaint is that it smctimcs thinks too
much, overriding our commands when wc
forgcl  to tell  it not to w o r r y  about  smnc
cmponcnt  that was temporarily removed.
Forlunatcly,  by the time the rover rolls out
onto the surFacc  of the reel planet, wc will bc
well-practiced in the art of coopcra(ing  with a
scllli-:llltollolllolls rover, and ready 10 explore
togclhcr.
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